Endogenous opioid peptides within the nucleus accumbens, a forebrain site critical for the regulation of reward-related behavior, are believed to play an important role in the control of appetite. In particular, this system is thought to mediate the hedonic aspects of food intake, governing the positive emotional response to highly palatable food such as fat and sugar. Previous work has shown that intraaccumbens administration of the -opioid agonist D-Ala2,Nme-Phe4,Glyol5-enkephalin (DAMGO) markedly increases food intake and preferentially enhances the intake of palatable foods such as fat, sucrose, and salt. Using information from recently performed c-fos mapping experiments, we sought to explore the involvement of structures efferent to the nucleus accumbens in this feeding response. Free-feeding rats with dual sets of bilateral cannulas aimed at the nucleus accumbens and one of several output structures were infused with DAMGO (0, 0.25 g/0.5 l) in the accumbens, and fat intake was measured over a 2 hr period. Concurrent temporary inactivation with the GABA A agonist muscimol (5-20 ng/0.25 l) of the dorsomedial hypothalamic nucleus, lateral hypothalamus, ventral tegmental area, or the intermediate region of the nucleus of the solitary tract blocked the robust increase in fat intake induced by intra-accumbens DAMGO at doses of muscimol that did not affect general motor activity. Muscimol alone also inhibited and augmented baseline fat intake in the lateral and dorsomedial hypothalamic nuclei, respectively. These results suggest that intake of energy-dense palatable food is controlled by activity in a neural network linking ventral striatal opioids with diencephalic and brainstem structures.
Introduction
The neural substrates mediating the subjective pleasure that humans derive from certain energy-dense foods, such as those high in sugar and fat, enable adaptive feeding behavior during times when food is scarce. However, in modern Western societies in which food is abundant, activation of these systems can provide a "false benefit" signal, resulting in overeating and obesity. Of the neural systems that have been shown to play a role in feeding behavior, endogenous opioid peptides have received particular attention (Martin et al., 1963; Cooper and Kirkham, 1993) . Indeed, studies have focused on multiple aspects of feeding regulation, ranging from the influence of opioids on energy homeostasis and macronutrient selection to taste reactivity and food motivation (Levine and Billington, 1989; Carr, 1996; Glass et al., 1999; Kelley et al., 2002) . Although the precise nature of opioidinduced feeding remains elusive, evidence from both animal (Cooper, 1983; Carr and Simon, 1984; Giraudo et al., 1993; Johnson et al., 1993; Weldon et al., 1996) and human (Drewnowski et al., 1992; Yeomans and Gray, 1996; Yeomans and Gray, 1997) studies suggests that opioids enhance food palatability and food reward.
Although administration of opioids into multiple brain regions influences feeding behavior (Stanley et al., 1988) , the nucleus accumbens has been shown to be particularly involved in mediating the affective response to food (Mucha and Iversen, 1986; Bakshi and Kelley, 1993b; Zhang et al., 1998) . Furthermore, the anatomical organization of the afferent and efferent connections to the nucleus accumbens suggests that it is ideally positioned to translate the affective assessment of food into the behavioral expression of feeding. Indeed, significant projections to the opioid-sensitive feeding zone within the ventral striatum arrive via the gustatory cortex (Braun et al., 1982) , nucleus of the solitary tract (Brog et al., 1993) , and rostral basal amygdala (Wright and Groenewegen, 1996) . In addition to processing critical orosensory information, the nucleus accumbens projects to the lateral and dorsomedial hypothalamic nucleus, substantia nigra, ventral pallidum, and ventral tegmental area (Haber et al., 1990; Heimer et al., 1991) , structures that potentially contribute to the motor expression of feeding. Although numerous studies have demonstrated the involvement of these efferent and afferent regions of the accumbens in feeding behavior (Glass et al., 1999) , the role of the accumbens as a critical site for integrating the activity of these areas is essentially unexplored. More importantly, the specific role of intra-accumbens opioids in mediating the coordination of the feeding response is unknown.
We have shown previously that intra-accumbens administration of the -agonist D-Ala2, NMe-Phe4, Glyol5-enkephalin (DAMGO) strongly increases the intake of highly palatable food (Bakshi and Kelley, 1993a; Zhang and Kelley, 1997; Zhang et al., 1998) . In addition, intra-accumbens DAMGO selectively activates circuitry involving hypothalamic, limbic, and brainstem areas, as measured by c-fos expression (Zhang and Kelley, 2000) . Using that study as a guide, the current study was designed to determine whether activation of these regions was critical for mediating the enhanced feeding response observed after administration of intra-accumbens DAMGO. We used a "temporary lesion" approach by reversibly blocking selected sites with bilateral administration of the GABA A agonist muscimol before intra-accumbens DAMGO and assessed intake levels of a high-fat diet.
Materials and Methods
Subjects. Fifty-two adult male Sprague Dawley rats (Harlan Sprague Dawley, Indianapolis, IN) weighing 300 -400 gm were housed in groups of two in Plexiglas cages in a climate-controlled colony room of 22°C. The subjects were maintained on a 12 hr light/dark cycle, and all experiments were conducted during the light phase (7 A.M.-7 P.M.). Subjects had ad libitum access to laboratory chow and drinking water before and throughout the experiment. All subjects were naive and allowed a minimum of 1 week adaptation followed by 2 d of handling before the beginning of all experiments. Experimental and control groups contained seven to nine subjects unless noted otherwise. All experimental procedures were in accord with protocols approved by the University of Wisconsin Institutional Animal Care and Use Committee.
Surgery. For surgery, animals were anesthetized with a mixture of ketamine and xylazine (90 mg/kg and 9 mg/kg, respectively; Sigma, St. Louis, MO), and bilateral guide stainless steel cannulas (23 gauge, 10 mm) were stereotaxically implanted into two brain regions, the nucleus accumbens and other selected sites. Therefore, each subject was implanted with four cannulas. Guide cannulas were secured to the skull with stainless steel screws and light curable resin (Dental Supply of New England, Boston, MA) using standard flat skull techniques. After surgery, wire stylets were placed in the guide cannulas to prevent occlusion. Coordinates for the aimed sites were as follows (in mm from bregma): nucleus accumbens (ACC): anteroposterior (AP) 1.4, mediolateral (ML) Ϯ1.8, dorsoventral (DV) Ϫ7.8; lateral hypothalamus (LH): AP Ϫ2.8, ML Ϯ1.8, DV Ϫ8.7; dorsomedial hypothalamic nucleus (DMH): AP Ϫ2.8; ML Ϯ0.7; DV Ϫ8.7; ventral tegmental area (VTA): AP Ϫ5.6, ML Ϯ0.5; DV Ϫ8.3; intermediate region of the nucleus of the solitary tract (iNTS): AP Ϫ13.3, ML Ϯ0.7, DV Ϫ8.5; dorsal hippocampus (dHC): AP Ϫ2.8; ML Ϯ1.9, DV Ϫ3.6. Rats were allowed at least 7 d recovery before the start of behavioral testing.
Drugs and microinjection. DAMGO (Research Biochemicals, Natick, MA) and muscimol (Sigma) were both dissolved in sterile 0.9% saline. The vehicle control was always sterile 0.9% saline. Infusions were delivered with a microdrive pump (Harvard Apparatus, South Natick, MA), connected via polyethylene tubing (PE-10), while animals were gently hand-held. Thirty-three gauge 12.5 mm injectors were used, thus extending 2.5 mm beyond the end of the guide cannulas. The rate of injection was 0.32 l/min for the accumbens and 0.16 l/min for all other structures, with the total duration of infusion being 93 sec, resulting in 0.5 and 0.25 l volumes, respectively. One additional minute was allowed for diffusion. Injectors then were removed, and the stylets were replaced before the subjects were placed in their test cages.
Behavioral assessment of feeding. This series of experiments was designed to determine the consequence of inactivating five different structures on the feeding response produced by intra-accumbens DAMGO. Six groups were used with bilateral cannulas implanted in the nucleus accumbens and one of five output structures: LH, DMH, VTA, NTS, and dHC. The dHC served as a control site, because unlike the other four sites, it does not receive direct projections from the accumbens and was not activated by intra-accumbens DAMGO administration (our unpublished observations). All behavioral testing began 1 week after surgery in a room distinct from the animal colony, in individual hanging wire cages measuring 25 ϫ 20 ϫ 20 cm. A water bottle and preweighed jars containing high-fat diet (Teklad Diets, Madison, WI) were attached to the cages. The high-fat diet contained 327.6 gm/kg vitamin-free casein, 4.9 gm/kg DL-methionine, 441.2 gm/kg shortening, 77.7 gm/kg safflower oil, 76.3 gm/kg cellulose, 53.3 gm/kg mineral mix, 15.2 gm/kg vitamin mix, and 3.8 gm/kg choline chloride. Subjects were placed in these cages for 2 hr daily until stable food consumption across 3 d was obtained, which was usually in 6 d. At the end of each testing day, the diet jars were removed and weighed, and the corresponding food intake in grams was calculated. To acclimate the rats to the test procedure, subjects were given 2 d of sham injections over the last 2 d of the baseline period. On the first day of this acclimation procedure, a 10 mm injector was inserted and left in place for 2 min, with no volume injected. The following day, a 12.5 mm injector was inserted, and saline was administered for 93 sec. Using a within-subjects design, all groups of rats received each of four drug treatment combinations on four separate treatment days in a counterbalanced order. On each test day, muscimol (5 or 20 ng/0.25 l per side bilaterally depending on the experiment, see below) or saline was infused into the selected site followed immediately by DAMGO (0.5 g/0.5 l per side bilaterally) or saline into the accumbens, thus resulting in four possible treatment combinations. The 2 hr testing session began immediately after the last injection. There was at least 1 d spaced between treatment days. The DAMGO dose, which results in a robust increase in fat intake, was selected on the basis of previous studies (Bakshi and Kelley, 1993a; Zhang et al., 1998; Zhang and Kelley, 2000) . The muscimol dose of 20 ng was chosen on the basis of pilot experiments, which indicated that this dose produced minimized effects on baseline feeding and activity. However, in some pilot studies, it was determined that 20 ng did result in reduced activity compared with controls, and therefore a lower muscimol dose of 5 ng was used in the LH and NTS experiments.
Behavioral assessment of locomotor activity. This experiment was designed to assess the influence of muscimol on the general activity of subjects, because a suppression of baseline and DAMGO-induced feeding could possibly be interpreted as a nonspecific reduction of motor behavior. Additional groups of rats were implanted with only one set of bilateral cannulas aimed either at the LH, DMH, VTA, and NTS (same coordinates as above; n ϭ 4 for LH, DMH, VTA; n ϭ 3 for NTS). Before the experiment, subjects were given 2 d of exposure to the activity cage (located in a separate room) and were assessed for baseline activity. Activity cages were clear polycarbonate locomotor activity testing cages (San Diego Instruments, San Diego, CA). Four photo beams spaced at regular intervals along the bottom length of the cages recorded horizontal activity (any beam being broken). Data were collected on an attached PC across 10 min intervals for the duration of the session. The activity cages contained wire mesh floors suspended 0.5 inches above the base of the cage, which was covered with aspen chips. Before each session, sham and saline injections were performed to habituate the rats to the injection procedure as was performed in the feeding experiments above. A withingroup design was used with each subject having received all four doses of muscimol (0, 1, 5, or 20 ng) in a volume of 0.25 l on 4 separate days. There was at least 1 d spaced between injections. Activity was assessed for 2 hr immediately after infusion, and then the rats were returned to their home cages.
Histology. After behavioral testing, subjects were overdosed with sodium pentobarbital and perfused transcardially with heparinized saline (200 ml), followed immediately by 500 ml of a 10% buffered formalin solution. The brains were then removed and placed in 10% formalin-20% sucrose for 1 week. Frozen serial sections (50 m) were collected through the entire extent of the injection site, mounted on gelatinized slides, and counterstained with cresyl violet. Cannula placement profiles were then analyzed for accuracy with light microscopy. Data from rats with misplaced cannulas were not included in the analyses. The placements of all cannulas are represented in histological reconstructions and photographs of representative placements for all sites and are located in Figure 1 . Statistical analysis. In the feeding experiments, the weight of fat consumed across treatment groups was analyzed using a one-way repeated measures ANOVA, followed by post hoc orthogonal contrasts of means when appropriate. In the locomotor experiments, total activity levels across the 2 hr period were analyzed using a oneway repeated measures ANOVA, followed by post hoc individual comparisons when appropriate.
Results
Feeding response to accumbens -opioid stimulation (250 ng DAMGO) after inactivation (muscimol) of selected output structures Bilateral infusion of intra-accumbens DAMGO significantly enhanced fat intake to ϳ300% above saline-injected control levels in all placement groups (Figs. 1, 2, 3 ). This effect was very robust and very consistent, with the majority of the feeding occurring in the first hour of the 2 hr session. Administration of muscimol into the lateral hypothalamus before intra-accumbens administration of DAMGO prevented this increase. Overall ANOVA of the feeding levels displayed by the LH group showed a significant effect of treatment (F (3,28) ϭ 30.53; p Ͻ 0.0001) (Fig. 1 A) . Subsequent analysis revealed that the fat intake after administration of 20 ng of muscimol into the LH immediately before intraaccumbens DAMGO was significantly lower than the intake produced by intra-accumbens DAMGO alone ( p Ͻ 0.001). Administration of intra-LH muscimol by itself significantly reduced feeding compared with saline-injected controls ( p Ͻ 0.001). A subsequent test using a lower dose of intra-LH muscimol (5 ng) also produced a significant effect of treatment (F (3,24) ϭ 28.5; p Ͻ 0.0001) (Fig. 1 B) . Similar to the previous results, post hoc analysis revealed that 5 ng of muscimol significantly blocked the DAMGO-induced increase in feeding ( p Ͻ 0.001) and also significantly reduced feeding by itself ( p Ͻ 0.01), although by a smaller margin than the high dose.
In the DMH subjects, ANOVA also demonstrated a significant effect of treatment (F (3,28) ϭ 9.367; p Ͻ 0.0002) (Fig. 1C) . Subsequent analysis revealed that administration of 20 ng muscimol into the DMH prevented the normal increase in feeding produced by intra-accumbens DAMGO ( p Ͻ 0.001). Surprisingly, feeding was significantly enhanced when intra-DMH muscimol was administered by itself, compared with feeding after saline control treatment ( p Ͻ 0.001).
In the VTA cannulated subjects, ANOVA also revealed a significant effect of treatment (F (5,15) ϭ 23.663; p Ͻ 0.0001) (Fig.  1 D) . Post hoc analysis revealed that after administration of intra-VTA muscimol (20 ng) immediately before intra-accumbens DAMGO, the normal increase in feeding produced by intraaccumbens DAMGO was blocked completely ( p Ͻ 0.0001). When muscimol was administered into the VTA followed by saline into the accumbens, subjects showed no change in feeding levels compared with the saline controls ( p ϭ 0.68).
ANOVA of the feeding levels in the NTS cannulated group also revealed a significant effect of treatment (F (4,12) ϭ 16.885; p Ͻ 0.0001) (Fig. 1 E) . Administration of intra-NTS muscimol (5 ng) immediately before intra-accumbens DAMGO completely blocked the normal increase in feeding produced by intraaccumbens DAMGO. Muscimol infused into the NTS followed by saline into the accumbens had no effect on feeding compared with controls ( p ϭ 0.23).
Last, in subjects containing cannulas aimed at the dHC, ANOVA revealed a significant effect of treatment (F (6,18) ϭ 40.14; p Ͻ 0.0001) (Fig. 1 F) . However, bilateral administration of 20 ng muscimol into the dHC immediately before intra-accumbens DAMGO had no effect on the normal increase in feeding produced by intra-accumbens DAMGO ( p ϭ 0.65). When muscimol was infused into the dHC followed by saline into the accumbens, there was also no effect on feeding compared with controls ( p ϭ 0.13).
Locomotor response after muscimol administration into structures involved in DAMGO-induced feeding
In a separate study, we investigated a dose-response effect of muscimol on general activity levels across a 2 hr period after administration into the LH, DMH, VTA, or NTS (Table 1) . After saline administration, there was a variable level of activity across placement groups, suggesting an effect produced by either infusion itself or possibly by damage of the respective location of guide cannulas. However, statistical comparison of the activity levels produced by treatment with muscimol produced no significant effects at the doses shown previously to inhibit DAMGOinduced feeding. Individual ANOVAs for each group revealed no effect of drug treatment for subjects with cannulas aimed at the LH (F (3,9) ϭ 1.718; p Ͼ 0.05), DMH (F (3,9) ϭ 1.374; p Ͼ 0.05), VTA (F (3,9) ϭ 0.778; p Ͼ 0.05), or NTS (F (2,6) ϭ 2.362; p Ͼ 0.05).
In addition, post hoc contrast of means analysis determined no significant differences between doses in any of the groups, although certain trends were observed. In the LH, both the 5 ng ( p ϭ 0.38) and 20 ng ( p ϭ 0.23) dose did not produce a significant reduction in activity compared with controls. Finally, in the NTS, the 5 ng ( p ϭ 0.69) and the 20 ng ( p ϭ 0.09) dose of muscimol had no significant effect on activity compared with the activity of subjects after saline administration.
Discussion
The present findings demonstrate that the robust feeding normally observed after intra-accumbens DAMGO administration is reversibly blocked by temporary inactivation of any of four distinct regions, including the lateral hypothalamus, dorsomedial hypothalamic nucleus, ventral tegmental area, and the intermediate region of the nucleus of the solitary tract. Indeed, administration of muscimol into any of these four sites before the administration of intra-accumbens DAMGO prevented the increase in fat intake that was normally observed. Administration of muscimol into the dorsal hippocampus, which does not receive direct input from the accumbens and is not activated by intraaccumbens DAMGO, had no effect on the DAMGO-induced feeding response. The only significant effects of muscimol alone on baseline feeding were observed after inactivation of the lateral and dorsomedial hypothalamic regions, where a decrease and increase were found, respectively. Finally, the present findings were shown to be independent of the influence of muscimol on general activity levels. Confirming the previous report that demonstrated selective Fos activation of these hypothalamic, midbrain, and brainstem areas by intra-accumbens DAMGO (Zhang and Kelley, 2000) , the present results offer direct support for their involvement as part of a distributed network mediating the expression of intra-accumbens opioid-mediated feeding. The structures within this distributed network are known to coordinate metabolic, motivational, motor, and autonomic systems, all which have been shown to regulate ingestive behavior. The LH is considered critical for neuroendocrine and autonomic regulation of energy homeostasis and has been studied extensively for its role in feeding behavior (Bernardis and Bellinger, 1993) . It contains a complex intrinsic connectivity as well as efferent and afferent pathways to forebrain and hindbrain regions, functioning as a highly interactive area controlling feeding, arousal, and general appetitive behaviors (Bernardis and Bellinger, 1993; Williams et al., 2000) . Although it has been shown previously that feeding behavior is disrupted by LH lesion or inactivation, its involvement in intra-accumbens opioid-induced feeding is relatively unexplored. The present study demonstrated that inactivating the LH before intra-accumbens DAMGO infusion completely blocked the increased feeding that was normally observed. In addition, in agreement with previous studies (Bernardis and Bellinger, 1993), we found that inactivation of the LH by itself reduced baseline feeding. Considering the highly palatable nature of the diet used in the present studies, this reduction of feeding by LH inactivation alone might be the result of blocking an endogenous opioid signal. Indeed, foods rich in sugar and fat have been shown to release ␤-endorphin (Welch et al., 1996) , and naltrexone has reduced cravings for similar foods in humans (Yeomans and Gray, 1997) . The neurochemical significance of inhibiting the LH may be related to the feeding-related neuropeptides melanin-concentrating hormone and the orexins, which populate this region (Elias et al., 1998) . Indeed, these two distinct neuronal populations have a diverse projection pattern, including limbic, cortical, hindbrain, and other hypothalamic regions (Bittencourt et al., 1992; Peyron et al., 1998) , and central administration of both peptides has been shown to increase feeding behavior (Qu et al., 1996; Sakurai et al., 1998; Dube et al., 1999; Sweet et al., 1999) .
Inactivation of the DMH also prevented the enhanced feeding observed after intra-accumbens DAMGO administration. Previous studies using permanent lesions of the DMH produce subjects with consistent inhibition of feeding over time (for review, see Bernardis and Bellinger, 1998) , with weight slightly under normal (Bellinger and Bernardis, 1999) . However, studies conducting reversible temporary inactivation with colchicine administration have produced mixed results (Avrith and Mogenson, 1978; Choi and Dallman, 1999) . In the present study, food intake was significantly increased when subjects were administered intra-DMH muscimol followed by saline into the accumbens, a finding similar to that observed after inactivation of the ventromedial hypothalamus (Albert et al., 1971; Kelly et al., 1977; Avrith and Mogenson, 1978) , although differences do exist (Bernardis, 1985) . The paradoxical finding that DMH inactivation also decreased feeding induced by intra-accumbens DAMGO may be explained in part by its suggested role as a possible mediator of the "activity balance" between the two hypothalamic feeding regions (Luiten et al., 1987) . Interestingly, there are few or no direct intrinsic hypothalamic connections between the VMH and LH (Luiten and Room, 1980; Luiten et al., 1987; Thompson and Swanson, 1998) , whereas the DMH has reciprocal connections to both (Luiten and Room, 1980) . Considering the intermediary position of the DMH, the effect produced by its inactivation may depend on the satiety level of the animal and specifically the current activity levels of both the VMH and LH. The current finding that inactivation of the DMH produces opposite effects on feeding behavior depending on whether there is intraaccumbens DAMGO activation may be explained by such a hypothesis. Indeed, it is known that the lateral hypothalamus is intensely activated during intra-accumbens DAMGO administration (Zhang and Kelley, 2000) , whereas it is much less active during intra-accumbens saline control administration, even in the presence of food (Zhang and Kelley, 2000) . Although the exact neurochemical nature of the interactions between hypothalamic nuclei are unknown, the present paradoxical finding may be explained by the DMH mediating the activity balance between the two critical hypothalamic nuclei controlling appetite; however, such a hypothesis awaits further testing. Inactivation of the VTA also blocked the DAMGO-induced feeding response, implicating a role for mesolimbic dopaminergic neurons. The mesolimbic system consists of dopaminergic neurons projecting from the VTA to various limbic and forebrain areas such as the accumbens and has been shown to mediate locomotor activity, food and drug reinforcement, and general appetitive behaviors (Wise and Bozarth, 1985; Koob et al., 1992; Kiyatkin, 1995; Schilstrom et al., 1998; Tanda and Di Chiara, 1998) . The finding that inhibition of the VTA blocks feeding induced by intra-accumbens DAMGO is consistent with findings that the two regions are anatomically and functionally linked (Nauta et al., 1978; Swanson, 1982; Herkenham et al., 1984; Schilstrom et al., 1998; Tanda and Di Chiara, 1998) . In consideration of the inhibitory role of opioids on the excitability of accumbens neurons (Hamilton and Norgren, 1984; Hakan and Henriksen, 1987) , the activation of the VTA produced by intraaccumbens DAMGO (Zhang and Kelley, 2000) might result from the disinhibition of dopaminergic neurons by inhibition of striatal GABAergic outputs. Given that intra-VTA muscimol has been shown previously to decrease dopamine release in the accumbens (Westerink et al., 1996) , the present finding that intra-VTA muscimol blocked the feeding response further suggests a role of dopamine in intra-accumbens DAMGO-induced feeding. In line with this theory, it is conceivable that the degree to which intraaccumbens DAMGO increases feeding is correlated with the particular dopaminergic-activating nature of food (Bassareo and Di Chiara, 1999) . This may partly explain why intra-accumbens DAMGO produces a more robust feeding response to highly palatable foods compared with the ingestion of less palatable foods.
Finally, inactivation of the NTS disrupted the opioid feeding response as well, suggesting the involvement of brainstem NTS neurons in mediating intra-accumbens opioid-induced feeding. We demonstrated previously that intra-accumbens DAMGO specifically activated neurons within the intermediate region of the NTS (Zhang and Kelley, 2000) , which was the region targeted in the current study. Although the rostral division of the NTS receives the majority of gustatory input, the intermediate region does receive afferent inputs from superior laryngeal and glossopharyngeal nerves, as well as input from the rostral division of the NTS (Hamilton and Norgren, 1984) . Bi-directional pathways have been shown to exist between the NTS and the accumbens, with NTS projections relaying taste information directly to the shell of the accumbens (Brog et al., 1993) , and a descending pathway that possibly modulates taste processing in the NTS. The finding that inactivating the iNTS prevented the DAMGO-induced feeding response may suggest that intra-iNTS muscimol prevented a modulating signal from the accumbens. Baseline feeding was not reduced significantly after inactivation of the iNTS alone, further suggesting that the blockade of DAMGO-induced feeding was mediated via a disruption of an upstream signal.
It is important to address the use of muscimol as a method of neural inactivation as well as the possibility of its diffusion to areas outside the target region. Administration of muscimol has been a widely used method to induce temporary neural inactivation (Majchrzak and Di Scala, 2000) , because its target receptor is widely distributed throughout the brain (Sieghart and Sperk, 2002) and it leaves fibers of passage unaffected. A previous study investigating the diffusion parameters of muscimol determined that 1 l of muscimol diffused 1.66 mm from the tip of the cannulas (Martin, 1991) . Given the current study used a volume fourfold smaller, 0.25 l, it is highly unlikely that areas outside the targeted region were affected.
The present findings demonstrate that the increased feeding produced by intra-accumbens -opioid stimulation is dependent on the activation of a distributed network of brain regions. Indeed, inactivation of structures representing diencephalic, mesencephalic, and hindbrain regions completely prevented the feeding response induced by intra-accumbens DAMGO. Although this study is limited in its ability to suggest the neurochemical nature of the distributed network, it does provide the beginning framework for further analysis. We are also in the process of exploring the involvement of structures that project to the accumbens, such as the amygdala and gustatory cortex, which have shown projections that interact with the opioid-sensitive feeding zone within the accumbens.
